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Patients with disseminated infections caused by Trichosporon beigelii have a circulating antigen that
cross-reacts with the polysaccharide capsule of Cryptococcus neoformans. We studied the localization of this
antigen by immunoelectron microscopy in a rabbit model of experimental disseminated trichosporonosis.
Deparaffinized lung sections were examined by using a murine monoclonal anti-cryptococcal polysaccharide
antibody and colloidal gold particles coated with goat antibody to murine immunoglobulin G. Antigen that
cross-reacted with the monoclonal antibody was observed in the T. beigelii cell wall and in a fibrillar matrix
extending from the cell wall.

Trichosporon beigelii is a saprobic yeast that is widely
distributed in nature and that may colonize skin and mucosal
surfaces in humans (5, 12). It is associated with hypersensi-
tivity pneumonitis (14), superficial infections such as ony-
chomycosis (3), and a nodular infection of the hair shaft
called white piedra (15). Increasingly, T. beigelii has been
recognized as an agent of disseminated infections involving
the lungs, skin, kidneys, eyes, liver, heart, and brain in
immunosuppressed individuals. Disseminated trichos-
poronosis occurs most frequently in granulocytopenic pa-
tients and is generally fatal, despite aggressive antifungal
therapy, unless the bone marrow recovers (5, 17). When
isolated from blood, tissue biopsy specimens, or normally
sterile body fluids from an immunocompromised patient, T.
beigelii should be regarded as clinically significant until
proven otherwise. A positive serum cryptococcal latex ag-
glutination reaction may help to substantiate the diagnosis of
disseminated trichosporonosis (1, 8, 9).
The presence of antigenic similarity between the cell wall

of T. beigelii and the Cryptococcus neoformans capsular
polysaccharide may not be coincidental, because they are
both doliporous basidiomycetes (7, 11). Seeliger and
Schroter (13) first recognized the presence of shared antigens
between T. beigelii and C. neoformans. McManus and
colleagues (8) later reported two patients with disseminated
trichosporonosis, both of whom had positive serum tests for
cryptococcal polysaccharide antigen by latex agglutination.
Furthermore, they described an extractable, heat-stable cell
wall antigen of T. beigelii that agglutinated latex beads
coated with antibody to C. neoformans (9). Kobayashi and
colleagues (6) developed an immunohistochemical method
for identifying T. beigelii in tissue sections by immunoper-
oxidase staining. They noted that unabsorbed antiserum to
T. beigelii was weakly cross-reactive with C. neoformans
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and that absorption with C. neoformans had no significant
effect on the strong reactivity with T. beigelii. However,
antiserum absorbed with C. neoformans failed to cross-
react. They concluded that the major antigen associated with
T. beigelii is not in common with the capsular polysaccha-
ride antigen of C. neoformans. Histological sections of lung
from a patient with disseminated trichosporonosis indicated
that the cross-reactive antigen was situated in the cell wall
and extracellular matrix of T. beigelii (10). Since little is
known, however, about the production and localization of
this cross-reactive antigen in vivo, we therefore sought to
determine by immunoelectron microscopy the localization of
this antigen in an experimental model of disseminated tri-
chosporonosis. We also investigated whether T. beigelii
infection in this experimental model would produce the
extracellular matrix similar to that found in human infections
and whether cross-reactive antigen was present in the matrix
in vivo.

T. beigelii TCM-NCI was isolated from the blood of a
granulocytopenic patient with disseminated, refractory tri-
chosporonosis. The patient's serum reacted with cryptococ-
cal capsular polysaccharide by latex agglutination at a titer
of 1:256. The identity of the isolate was confirmed by
standard microbiological techniques (2). Cultures of the
isolate were maintained at -70°C in a skim milk suspension
and at 4°C in sterile saline. The inoculum was grown in the
Emmon modification of Sabouraud glucose broth (Media
Department, National Institutes of Health, Bethesda, Md.)
in a gyratory water bath overnight at 37°C for 18 h, centri-
fuged, and washed; and the concentration of the inoculum
was adjusted with a hemacytometer and confirmed by quan-
titative cultures of 10-fold serial dilutions. Microscopically,
the organisms appeared predominantly as blastoconidia and
arthroconidia. The inoculum was administered as a 109-CFU
suspension in 10 ml of sterile normal saline.
Eleven pathogen-free female New Zealand White rabbits

(weight, 2.0 to 3.0 kg; Hazleton, Rockville, Md.) were used
in this study. Silastic central venous catheters were inserted
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FIG. 1. Histologic section of rabbit lung demonstrating blastoconidial forms of T. beigelii after exposure to polyclonal rabbit antiserum to
C. neoformans capsular polysaccharide and overlaid with colloidal gold particles coated with goat antibody to rabbit IgG. There is significant
deposition of colloidal gold in the cell wall. The extracellular fibrillar matrix is expressed more densely at the polar ends of the organisms in
this specimen, and at these points colloidal gold deposition in the matrix is demonstrated. Photo, electron micrograph; magnification,
x25,900.

for continued nontraumatic venous access, as described
previously (16). Granulocytopenia (<500/Ri) was produced
by administration of cytosine arabinoside (kindly provided
by The Upjohn Co., Kalamazoo, Mich.) as follows: 400
mg/m2/day intravenously (i.v.) on days 1 to 5 (induction) and
400 mg/m2/day i.v. every other 2 days (maintenance). Gran-

ulocytopenia was maintained for 1 to 3 weeks. Total granu-
locyte counts were monitored daily. Methylprednisolone
(kindly provided by The Upjohn Co.) was administered at 2
mg/kg/day i.v. during induction. Ceftazidime (Glaxo, Re-
search Triangle Park, N.C.) at 150 mg/kg/day i.v. and
vancomycin (Eli Lilly, Indianapolis, Ind.) at 15 mg/kg/day
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i.v. were initiated on day 4 of chemotherapy and were
continued throughout granulocytopenia. Rabbits were sacri-
ficed between 1 and 5 days after inoculation. The cerebrum,
cerebellum, lung, liver, spleen, kidney, quadriceps, vitre-
ous, and choroid were resected and quantitatively cultured
onto the Emmons-modified Sabouraud glucose agar (Media
Department, National Institutes of Health). Tissue sections
were placed in 10% neutral buffered Formalin for light
microscopy, and others were prepared for immunoelectron
microscopy.

Histological specimens were fixed overnight at 4°C in 2%
glutaraldehyde-sodium cacodylate buffer (0.2 M, pH 7.4)
and then washed in buffer solution, postfixed in 2% osmium
tetroxide, dehydrated in ethanol-propylene oxide, and em-
bedded in Spurr (Pella, Tustin, Calif). Sections of paraffin-
embedded necropsy tissue specimens were deparaffinized,
washed in buffer, dehydrated, and embedded in Spurr. Thin
sections were prepared on nickel grids (Pella) that were
etched with 3% H202 for 10 min, washed with filtered Tris
hydrochloride buffer (0.02 M, pH 7.2), and immersed in
drops of filtered 10% chicken egg albumin (Sigma, St. Louis,
Mo.) for 10 min. The grids were then incubated with a 1:100
dilution of murine monoclonal antiserum to Cryptococcus
capsular polysaccharide (kindly provided by Thomas R.
Kozel) for 48 h at 4°C. Control grids were incubated with
buffer. After incubation, the grids were washed with buffer
and immersed for 1 h in a solution containing colloidal gold
particles (diameter, 20 nm; Janssen Life Science Products,
Piscataway, N.J.), which were coated with goat antibody to
murine immunoglobulin G (IgG) that were diluted 1:20 in 1%
albumin-Tris hydrochloride. The grids were then washed in
filtered buffer and deionized water, blotted dry, and post-
stained with uranyl acetate and lead citrate; they were
examined and micrographed by using a Zeiss (Oberkochen,
Federal Republic of Germany) electron microscope. Sec-
tions were also examined in a similar manner by using a
1:100,000 dilution of polyclonal rabbit antiserum to Crypto-
coccus (titer, 1:1056; kindly provided by J. E. Bennett) as
the primary antibody and colloidal gold particles (20 nm)
coated with goat antibody to rabbit IgG as the secondary
antibody.

Tissue sections from granulocytopenic rabbits following
inoculation with 109 CFU i.v. of T. beigelii arthroconidia and
blastoconidia were examined by light microscopy to deter-
mine the presence of infection with T. beigelii. Disseminated
trichosporonosis was demonstrated by the presence of blas-
toconidia, arthroconidia, and hyphae invading tissues and by
quantitative tissue cultures, generally yielding 2104 CFU/g
of each tissue sampled.

Deparaffinized lung sections from rabbit T-11 were ex-
posed to polyclonal rabbit antiserum to C. neoformans
capsular polysaccharide and were subsequently overlaid
with colloidal gold particles coated with goat antibody to
rabbit IgG. Figure 1 demonstrates blastoconidial forms ex-
pressing the fibrillar extracellular matrix extending from the
cell wall. Deposition of the colloidal gold particles is gener-
ally confined to the cell wall and the extracellular matrix.
Because we used rabbit tissue in the experimental model, we
wanted to be certain that some of the gold labeling was not
due to the binding of rabbit IgG to epitopes that were not
related to the cross-reactive antigen of T. beigelii. A murine
monoclonal antibody to C. neoformans capsular polysaccha-
ride was obtained, and Fig. 2 demonstrates the localization
and relative concentration of the cross-reactive antigen.
Once again, the gold labeling was concentrated in the cell
wall of T. beigelii and extended into the extracellular matrix

'i'T

J. CLIN. MICROBIOL.

'.4

-9
1.

z

4.

JA
l

FIG. 2. Histologic section of rabbit lung with disseminated tri-
chosporonosis exposed to murine monoclonal antibody to C. neo-
formans capsular polysaccharide and overlaid with goat antibody to
murine IgG. Gold deposition representing cross-reactive antigen is
concentrated in the cell wall of T. beigelii and extends into the
surrounding extracellular matrix. The more prominent localization
of colloidal gold in the matrix, compared with that in Fig. 1, most
likely represents the high specificity of the monoclonal antibody for
cryptococcal capsular polysaccharide. Photo, electron micrograph;
magnification, x 32,700.

projecting from the cell wall. Note that the relative concen-
tration of gold labeling was diminished, representing the
higher specificity of the murine monoclonal antibody for the
cross-reacting antigen. Figure 3 is a negative control dem-
onstrating no deposition of colloidal gold in either the cell
wall or the extracellular matrix.
Our results demonstrate that the extracellular matrix

produced by T. beigelii in invasive human disease can be
reproduced in an experimental model of disseminated tricho-
sporonosis. The cell wall and extracellular matrix produced
by invasive strains of T. beigelii contain an antigen that
cross-reacts with C. neoformans capsular polysaccharide, as
shown by colloidal gold labeling detected by immunoelec-
tron microscopy. One advantage of using a monoclonal
antibody for this study is the increased specificity it has for
specific epitopes of the capsular polysaccharide compared
with the specificity of polyclonal antisera. The gold labeling
of cross-reacting antigen was less intense and required a
higher concentration of the primary antibody for detection of
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FIG. 3. Histologic section of rabbit lung with disseminated tri-

chosporonosis, negative control, demonstrating no deposition of

colloidal gold in either the cell wall or the extracellular matrix.

Photo, electron micrograph; magnification, x20.200.

the cross-reacting antigen than was required when poly-

clonal sera were used. This supports the findings of Koba-

yashi et al. (6) that only a minor component of the T. beigeli
cell wall antigen is shared with C. nzeo.fo)rlnans. This pos-

tulate is further supported on a biochemical basis. Gorin

and Spencer (4) detected a polysaccharide from T. beigeiji

containing xylose, arabinose, and mannose that was re-

leased into its surrounding medium. Perhaps it is the mannan

shared by these two organisms that is the cross-reactive

epitope. Further studies with monoclonal antibodies against

various components of the cell wall of T. beigelii may

more clearly define the nature of this cross-reactive anti-

gen.

The extracellular matrix produced by invasive T. beigeiji

is derived in part from the cell wall. We believe that when

invasive disease occurs with T. beigelii, this extracellular

matrix is elaborated, probably directly into the blood-

stream, allowing it to be detected by the latex agglutina-

tion test for cryptococcal capsular polysaccharide. In a

previous study (10) (data not shown), we were unable to

detect the presence of the extracellular matrix by electron

microscopy when T. beigeli was grown on solid medium.

Formation of the extracellular matrix may be induced by the

presence of mammalian tissue. That host tissue proteins may

contribute in part to the formation of the matrix cannot be

excluded. Our finding that the production of this extracellu-
lar matrix and detection of a cross-reactive antigen were
present in a second isolate of T. beigelii implicated in
disseminated human mycosis is supported by the analysis of
cell wall extracts performed previously by McManus et al.
(9). Although the potency of agglutination with anti-C.
neoformans-coated latex beads varied among the strains,
they found that cell wall extracts from three isolates of T.
beigelii shared this cross-reactive antigen. One of the iso-
lates was pathogenic, and the other two were reference
isolates.

In summary, results of our studies suggest that pathogenic
isolates of T. beigelii produce a fibrillar extracellular matrix
during invasive disease, and this can be reproduced in an
experimental model of disseminated trichosporonosis. This
extracellular matrix is composed of elements of the cell wall.
The cell wall and extracellular matrix contain an antigen that
is similar to cryptococcal capsular polysaccharide and that
can be detected by immunoelectron microscopy. The spe-
cific antigen shared by C. nzeoformans and T. beigelii re-
mains to be determined.

We thank David James for technical expertise in performing the
immunoelectron microscopy.
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